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Within the Army Research Institute for the Behm'-i-.,al and Social
Sciences (ARI), the Human Adaptability and Organizationai Eff .tiveness
Technical Area performs research to improve the performarce of groups
in a variety of ilLtary systems and operational units. Programs in the
Technical Area include research in human sensory, motor, perceptual, and
cognitive factors, and effects of stress and degradatioT, of sensory
cues--in this case, the problems of helicopter crews flying at nap-of-the-
earth. (NOE) altitude (i.e., below treetop level) to evade detection.

This report reviews the technology of stmulated flight training and
is part of a project to identify specific areas in which N(' training for
aircrews can be improved. The conclusions of te study are being pub-
lidhed as an ARI Research Report, and the detailed task analyses and
training objectives from which the conclusions were drawn are tabulated
in ARI Research Memorandum 76-2. The entire project was done in close
cooperation with the Army Aviation School at Fort Rucker, Alabama; the
contributions of military personnel there and elsewhere are gratefully
acknowledged. Further studies of human resources in aviation, including
flight training selection, simulation, and NOE training, are being done
by the ARI Field Unit at Fort Rucker.

ARI research in aircrew performance is conducted as an in-house
effort augmented by contracts with organizations selected as having unique
capabilities for research in flight technology. This project was
conducted jointly by personnel from ARI and Anacapa Sciences, Inc. of
Santa Barbara, California, who also requested Dr. Roscoe to contribute
his experience in flight training; Dr. David Meister of ARI directed the
project, and Mr. Charles A. Gainer led the research fcr AnAcapa. The
entire project was conducted under Army RDTE Project 2Q162107A75, FY '7

Work Program, and 20764715A757, FY 1974 Work Program, in preparation for
responding to special requirements of the Assistant Chief of Staif for
Porcc. Tvelopment and the U.S. A Training and Doctrine Command.
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REVIEW OF FLIGHT TRAINING TECHNOLDGY

BRIEF

Requirement:

T~a. .whe state of the art of aircrew training technol.,gy,
particularly in simulation,was part of a program to identify areas in
which nap-of-the-earth (NOE1 aircrew training might be most readily
improved.

Review Summary
C

Ground-based devices that simulate flight are both effective and
cost-effective for initial flight training; with time, as a student's
skill increases, the simulator becomes decreasingly cost-effective
compared with actual fHight. The more complex and costly the simulator,
the sooner it will cease to be cost-effective but the more realistic its
simulation is likely to be. Optimum fidelity must be determined for
each training objective; although mort. realistic simulation does not
necessarily produce more effective transfer of training genera'ly, exact
fidelity is vital in teaching procedural skills. )

'Present flight simulators are much less useful in NOE training than in
general helicopter pilot training because they cannot properly reproduce
the visual field outside the cockpit. They might be used to train
pilots in procedures to cope with NOE-altitude emergencies; howeve-r, a
combination of cinematic simulation and air training appears to be the
most promising cost-effective method of developing NOE visual perception
skills.

'Of other innovations in pilot training, computer-assisted instruction
can be used for any lecture-type training; measurement of residual atten-
tion could be useful in assessing NOE pilot performanceJ Automatically
adaptive training methods are not presently suitable for NOE. Autcmatic
performance measurement could be very useful to provide objective assess-
ments once the pivotal measures that correlate highly wi~h total perfor-
mance are identified. i
Utilization:

The conclusions of this review of existing technology were used in
conjunction with training objectives derived from task analyses to
suggest improvements for NOE aircrew training. These suggestions,
validated by the results of ARI's field icfsearch program, were used as
the basis for the experim-ntal MA? Interpretation Terrain Analysis
Course ,MITACW now being evaluated at the Army bviation School, Fort
Rucker, Alabama.

I -

- 4



REVIEW OF FLIGHT TRAINING TECHNOLOGY

CONTENTS

Page

SIMULATED FLIGHT TRAINING 2

Background1
C,,st Effectiveness1
State of the Simulation Art 2
rrainir- Objectives
Fidel ity Requirements 5

INNOVATIONS IN PILOT '[RAINING7

Automatically Adaptive Training .
Computer-Assisted Instruction 9
Adaptive Measurement of Residual Attention 10
Automatic Performance Meastirement 12
Ciaematic Simulation 14h
Interactive Computer-Control-Display Devices 15.

LONCUSIONS 16

REFERENCES 17



REVIEW OF FLIGIT TRAINING TECIINOLOGY

SIMULATED FLIGHT TRAINING

BACKGROUND

Simulated flig O training has come a long way from the clipped-wing-
Penguin-type trainer of Wrld War I.' During World War II, the Link C-,
and AN-T-12. "blue boxes" &nd their close descendents--the School Link,
1-CA-i and 1-CA-2 Navy, SNJ; Air Force, P-1., and the GA;-l--were and
are effective training devices. All caret-ully controlled experiments
have supported the use of ground-based trainers during initial flight
training. z

Modern flight simulators, featuring complex visual and motion systems,
have demonstrated effective transfer of training, although they bave not
been submitted to a rigoruus experimental evaluation. The dramatic
reduction in helicopter flight hours which was claimed by substitute
trair.ing in the Army's 2-B-2+ Synthetic Flight Training System 'SFTS%
simulator (Caro, 1, 2; 1P3) lends support to the conclusion that such
complex devices are effLctive for both .ne training and testing of
pi lots.

COST EFFECTIVENESS

The key requirement in the design and use of simulated flight
trainers is cosL effectiveness. That is, the cost of the feature, and
of the simulator operating time associated with its use, must be no
greater than the cost of the flight time required to achieve the same
training in the actual aircraft. To make this determination, the use of
the simulator should take into account its incremental cost effectiveness
,Micheli, lrp2," Roscoe, Denney, and Johnson, 1,171; Povenmire and Roscoe,

The Penguin system involved a clipped-wing Bleriot Aircraft and was
used for preflight training for single-seat aircraft.

The early transfer of training studies at the University of Illinois
by Willians and Flexman 1l1 4: a; l'b; J-liqc) were followed by those
,-f Flexman, Matheny, and Brown (i:D©; Flexman, Roscoe, W.lliams, and
Willipes (completed in 19Ik but unpublished until 1775'- ; and Payne et
al. 19- ). Two studies done at the USAF Basic Pilot Training Re-
search Laboratory using the Link P-I were reported by Flexman, Town-
send, and Ornstein , ) and by Ornstein, Nichols, and Flexman I-
Recently, Povenmire and Roscoe ! '73; T3) have resumed transfer
research at the University of Illinois with their measurement of the
cuimulative and incremental transfer effectiveness of the !ink GAT-I.



tncremental czist"effectiveness refers to a principle of diminishing
returns; training in a simulator on any flight curriculum yields a
diminishing transfer to actual flight training. At some point, simulator
training becomes cosr inef;'ective. Of course, further ust of the same
simulator for other .portiors of the curriculum may continue to be cost
effective. And a . times it may be gaod training strategy co use a
simulator beyond its cot' effective point, for example in bad weather.

Cost effectiveness of a synthetic training device depends both on
the cost of the device and on its transfer P;ffectiveness. For a new
troining device, relatively simple leatures may become the rational cost-
effective choice when the) yield only slightly less transfer than more
complex and costly alternaLives. Stated another way, training may be
done more profitably in a cheap simulator with a high transfer effective-
ness ratio than in an expensive simulator with an even higher one.

The cost of a synthetic flight t.rainer includes not only the purchase
price, housing and naintenance expenses, but also the energy required to
operate the device. Although no existing flight simulator expends
energy at the rate af a high-performance military' aircraft, the original
maintevi iuce cos,:s of some simulators are comparable to the counterpart
airplane-. Furthermore, the complex motion and visual systems of the
mo' adanced contact flight simulators and their supporting computers
requi_: several times as n,:ch operating power as their counterpart
undergraduate flight trainers Thus, to be tnergy effective, each hour
in the simulator wnuld have tu save aircraft flight hours in the ratio
of the energy used by e'ch machine.

Because the transfer effectiveness of any training device decreases
as triining time increase,, a simu.ator with an initial positive energy
effect.veness will Lecorne negatively effective for each student after
sotm neriod of training or, any individual uait of instruccitm. That
point night. easily occur before the student has reached tne deired

pe".fortnance criterion for that unit.

Predicting the characteristics of a helicopter simulator for NOE
operations that will yielJ high transfer effectiveness ra los reltive
to cost requires an analysis oif training objectives and a realistic
a~zsssment of the current state of the simulation art. Discussions of
thee s,'bjecL3 are provided by Air Force Human Resources Laboratory
Technical Note 11' 1-01 (Bell, 9'4); Baum, Smith, and Goebel (197");
Caro ,!7 ) McGrath aad Harris (1-71); Puig (1317O); Smode, Hall, and
Meyer 2.96(%; Valverde (1r63, 17); Willeges, Roscue, and Williges

-Yr3; and Watson, Cooles, and Hotz (1971).

STATE OF THE SIMUlATION A&r

Although flight simi-,ator characteristics for NOE training cannot be
specified without considering tht state of the simulation art, the state

of the art should not determine by default the specified simulator

characteristics. Each simulator manufacturer recommends to users the
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most advanced equipment features he can readily produce. Often a
wanufacturer's recommendations, and his statements as to what he can and
cannot deliver within a particular schedule, determine the character-
istics to specify. Lriediato training objectives rarely determine these
specificatioas. The temptation, is to buy overly complex and costly
simulators.

Willeges, et al. 1,7) illuscrate the problem as it manifests
icself in the specification of motion system characteristics:

In view of the large sums invested in the design, develop-
ment, and production of complex simulator motion systems,
it is difficult to understand why there has been no objec-
tive controlled experiment to assess their transfer effec-
tiveness. An experiment by Matheny, Dougherty, and Willis
i' showed that relatively faithful cockoit motion
improves pilot performance in the simulator, presumably by

providing alerting cues, and recent experiments at Anes
Research Center Guercio and Wall, lr%') and at the Aviation
Research Laboratory of the University of Illinois 'Jacobs,
Williges, and Roscoe, if , Roscoe, Denney, and Johnson, 17')
support this finding. However, there is no evidence one way
or the other to indicate that this improvement transfers to

flight. The general experimental finding tbat relatively
difficult training tasks yield higher transfer than easier
ol.es suggests that transfer might be reduced as a consequc.ce

of adding motion cues that make the simulated flight task
eas ier.

The evident rea-.n that large sums are spent for simulator
motion systems, with no evidence of their training value, is
their high face validity. A high-fidelity motion system is
a delight to an,7 pilct; the illusion if flight is extermely
reatistic. "Mp decision to include a complex motion system
is invariably determined by the enthusiasm of pilots, partic-
ularly one in high places.

The visual ystems situation is similar in some respects. Available
options ran,,e from the reintively simple and inexpensive iPayne et al.,
i)o' to the extremely complex and costly "Smith, 1 :") The difference
is that none oF the vis..al systems developed to date are entirely

satisfactory. Some systems severely limit the field of view; some

severely limit the maneuvering area and/or iltitude range; some have
unacceptably poor resolution and/or image distortion; scme lack color

and/or texture and/or daylight rppresLntation; some tenid to be
unreliable; some reqoire huge amounts of energy; some present serious

radiation hazards, particularly for instructors and maintenance person-

nzl; and all tend to require excessive maintenance.

A visual syster suitabl-; for teaching all of the perceptual-motor
and decision-making skills requized for NCI tactical helicopter opera-

tinns rjoe not exist. Nor is it likely that a cost-effective system

which meets al" NOE training requirements can be developed at the

present time. The decreasing cost of high-speed digital computers and



the recent advances in digitally-driven, solid-state displays may
eventually provide a cost-effective solution. At the moment, howev-r,
the inadequacy of visual simulaton is less important than a rational
determination of the visual cues essential for meeting NOE training
objectives.

TRAINING OBJECTIVES

Detecmination of static and dynamic visual cues, dynamic motion cues,
auditory cues, and dynamic vehicle responses to be simulated should
start with an analysis of training objectives associated with the appro-
priate mission--in this case, nap-of-the-earth helicopter operations. The
training objectives for NOE (Gainer and Sullivan, 1976b) may be zlassi-
fied under the following set of behavioral categories useful ir speci-
fying associated simulator characteristics:

PROCEDURAL ACTIVITIES

Comunications management
Navigation management
Fuel and powerplant management
Vehicle configuration Y inagemert
Sensor management
Weapon management
Battle damage management

DECISION-MAKING ACTIVITIES

Navigation planning
Th-eat or hazard assessment
Target priority adjustment
Mission prioriLy adjustment
Crew function adjustment

PERCEPTUAL..MOTOR ACTIVITIES

Geographic orientation
Vehicle control
Target, threat, or hazard detection and identification

Weapon delivery control
Communication

Each of the training objectives f,.: nap-of-the-earth tactical
helicoFter operations can be classified under one or more of these'
behavioral categories. Consideration of previous simulation training

reveals that, although simulato-s have proven highly effective in tbi'

teaching of procedural skills and only slightly less effective for

teaching perceptual--vntcr skills (Floxman, et al.. 1972), they have

rarely been used to teach decision m~king skills. This is not surprising

in view of the intangible nature of sifch skills, and che difficulty of

defining and deter-mining good dec-sion-making performance. Th,! ability

to make good decisions is the distinguishixtg mark -)f t- -ffective air-
craft commander. The cultivation of these skills is an instructional

4.
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objective calling for situational training that may be carried out
safely only in a simulated tactical enviropment.

Further generalizationscan.be made concerning interrelations between
training objectives and simulator character'stics before conside~ring
implications for the role of simulation in NOL training. The 1'f'2
Flexman study concluded that:

...higher transfer occurs with procedural tasks than with
psychiomotor tasks because the former are less adversely
affected by the imperfect simulation of such dynamic fac-
tors as physical motion, visual and kinesthetic cues, and
control pressures.

This is not to say that affective transfer if p,:ocedural
tasks requires Less fidelity of simulation than psycho-
motor tasks. To the contrary, the conclusion must he
that procedural fidelity is more critical than dynamic
fideiity is simulator design. Lack of procedural fidelity
results in the transfer of incorrect responses, thereby
yieldiag negative transfer to the perfocmance of correct
procedures in flight.

Another consideration when determining training objectives for
sim-lators is the relative rate of forgetting for various skill ratevg,-
ries. In generat, once perceptual-motor bkiihi arc ledivicU, they are
not quickly forgotten. Former pilots often land an airplane safeiy and
si.oothly after as long as 20 years out of the cockpit. Procedural
skills, an the other hand, are quickly forgotten. A World War II pilot
who can still land his combat airplane safely is unlikely to he able to
start its engine... The generalization that procedural ski~ls are for-
gotten more rapidly than perceptual-motor skills was confirmed experi-
mentally by Mengelkoch, Adams, and Gainer 'i9&'*. The fact that infre-
quently-used procedural skills can be retained and partially forgotten
ones quickly rdstoredl in a simulator argues for maintaining high pro-
cedural fidelity.

FIDELITY REQUIP.EMENTS

Flight training devices should help train pilots to fly airplanes.
Although cockpit motion adds realism, thereby i-nproving pilot performanc,
in the simulater Fedderqon, Vil; Guercio and Wall, i7?. Ince,
Williges, and Roscoe, inh5; Jacobs, et al., 19'1; Roscoe, et a., ] ' ,

no evidence yet exists that cockpit motion in a gronnd-hased trainer
improves pilot performancc in an aircraft. The issue is unresolved. No
transfer of training experiment has been conducted in which either the
degree or fidelity of cockpit motion was the experime-tal variable.

It has bee demonstrated that the outcome of behavioral eugineering
in simulators finvestigating the order of meril of flight displays c.in
produce quite different conclusions from exoerinent.s conducte d in flight.
depending upon the presence or absence and tyre of simulator cockpit

" 9AZ



notion (Bauerschmidt-and Roscoe, 1'0u; Ince, et al., 17; Johnson and
Roscoe, J rl2; Matheny, et a., Y)63; Nygaazd and Roscoe, 19 Rosco,
at al., 1 71; Roscoe, Hopkins, and McCurley, 1955; Roscoe and Williges,
I:"; Roscoe, Wilson and Demin&, 1 A Weisz, Elkind, Pivrstoiff, and
Sprague, 1;kO; Williges and Roscoe, 1973.• It uould be surprising if
the degree and fidelity of cockpit motion did not influence training
effoctiveness; however, the nature of that influence, positive or
negative, has not been clearly est' blished.

Koonce ,1T41 found a statistically reliable indication thAt the
refreshment of instrument flying skills, as measured in flight, ta
enhanced by the absence of cockpit motion during practice in a simulator,
i-mediately before tighm. As a result of this finding, the first
direct experimental investigation of this question has been undeartaken

at the University of Illinois feperimei : .y R. S. Jacobs and S. N.
Roscoe,. Transfer of training from a modified Link general aviation
trainer to a light general aircraft, using a flight syllahus that
;ampkes procedural, decision-makinp, and pezceptual-motor activities,
is being measured for three different cockpit motion conditions. These
include no roation as a reference condition), normal washout notion, a-d
.1 hybrid washout motion cot.diti.on in which the direction of cockpit
notion is randomly reversed 50 percent of the time, thereby compoundin8
hic conflict between visual and vestibular cues. In the transfer controi
,or ition, all tr' ning is given in flight

Similarly, few data exist to help determine the optimum fidelity of
extra-cockpit visual 6imilation for contact flight training. Perhaps

the light airplane will .ontinue to be tne most cost-effective and
ciergy-effective contacc flight trainer, fixed-wing or rotary-wing, for
)ears to come. Certaihly, flight trainers designed to teach the basic
contact flight skills involved in takeoff and landing should be relil-

rively ine.pensive because comparatively few flight hourn in i atCvely
low-cost aircraft need to be saved. However, a more expensive simulator
is justified to save pre-solc and transitional flight hours, because
theae tzalning phases are disproportionately dangerous and costly in
terms of damaged aircraf-.

Anatysis of the training objectives for nap-of-the-ea-th flight and
tactical weapon delivery indicates that the most difficult prlhlem area
are asgociated with cognitive Ekills rather than motor skills. Not only
are procedural activities primarily cognitive, but they tend to be
mission-specific, or at least specific to the particular aircraft and
operational environment; conversely, perceptial-motor flying skilln
tend to generalize to a range of aircraft and missions. Although nar-of-

the-earth flight control requires a fine touch and sustained attentijn,
it involves the same flying skills as takeoff and landing, hovering, and
formation flyinc. In contrast, the perceptual and decision-making ski-ls
required to mainta!n geographic orientation during NOF flight are not

called for in rny other type of flight operation (McCrath, IU7 -".

.- 7 -11
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AvoLding the use of helicopters to teach NOE flight might warrant
the development of fairly complex synthetic training devices. The
difficulty of teaching NOE flight is strongly associated with geographic
orientation and tacpical decision making, and these training require-
mernts demand nigh fidelity of-the visual environment. Because a
synthetic system that satisfies all requirements for simulating the
visual field is likely to be inordinately expensive, there is ample
reason to question vhe practicality of flight simulators for teaching
many of the skills unique to HOF operations. Light aircraft, part-task
trainers, motion pictures and video tares, cinematic simulators, and
digital teaching machines are among the available alternatives.

One issue in synthetic flight trainer technology remains undisputed:
The importance of procedural fidelity. Although it is logistically
difficult to keep changes in simulator cockpits consistent with changes
in operational aircraft c-.ckpits, the consequences of not doing so are
tutorially disastrous.

IMMOVATIONS IN PILOT TRAINING

Meetng the Army's training objectives for nap-of-the-earth flight
operations may be facilitated by the imaginative application of recent
innovations in pilot training. Among innovations that should be
considered are automatically adaptive training, computer-assisted
instruction, adaptive measurement of residual attention, aut,.natic per-
foriance measurement, cinematic simulation, and the use of interactive
cmp(tpter-control-display devices.

AUTOMATICALLY ADAPTIVE TRAINING

Although all individualized training is, in a sense, adapted to tne
individual stueent's progress, the term adaptive training refers to the
automatic adjustment of the training task as a function o. the student'F

automatically measured performance (Kelley. 196 9a; 1 69b; McGrath and
Harris, 19lg). The task variable that is adjusted, called the adaptive
variable, may be the difficulty, complexity, or newmess of the training
task (Crooks and Roscoe, l~ , McGrath and Harris, iJ'; Williges, et al.,
it i). For example, the difficultv of nap-of-the-earth flight control
might be adjusted by automatically increasing the ruggedness of the
terrain as the student's performance improves; the complexity of his
task might be adjusted by increasing the frequency of concurrent radio
communications; and new task elements might be introduced by simulating
enemy ground fire when the student achieves specified proficiency levels
in flight control and communication procedures.

The principal difference between cutomatically adaptive training and
the adjustment of training tasks by a flight instructor is thatautoma-
tion requires that all decisioa rules for adjusting the task be prede-
termined. This requires a formal structuring of the complete training
process in advance.

-7-



Although adaFtive trairing has been studied in the laboratory for
more than i decade 3 4ts first attempted application to the routine
training of pilots was incorporated in the Army's SFTS helicopter
simulator (Caro, 1969, iTr; Zaiusen, Curtin, and Egler, 1Q68; Janeson,
Walsh, Flexman, anid Cohen, 19Q; McGrath and Harris, 1971; Walsh'and
Flexman, 1970; Young and Hall, 1968). Because of the lack of prior
systematic study in the selection of adaptive variables and the stabili-
zation of adaptive logic, the initial implementations have not yet been
used in routine training. The only two adaptive variables which have
been manipulated were the severity of air turbulence while flying an
ILS approach fincreasing as the student's control improves) and the
stability of cyclic control dynamics during hover (decreasing as the
student learns to control an initially stable vehicle).

Subsequent research at the University of Illinois has led toward a
better u derstanding of the dynamics of intraserial effects during
adaptive trai-ling in manual control (Crooks and Roscoe, 1975). Had this
research been done before the SFTS was designed, it could have predicted
that adjusting the control dynamics of the simulated helicopter from
stable to unstable might interfere with, rather than facilitste, learning.
By changing control dynamics as learning occurs, different resportses to
the same display indications are required from one point in training to
the next. Although the training task progresses from easy to difficult,
as desired, response patterns just learned must be replaced as they
gradually become inappropriate. Students who practiced with unstable
control dynamics from the beginning attained proficiency more quickly
than most of the adaptively trained groups.

The frct that the automatic adjustment of control dynamics was found
to be maladaptive (in this one experiment at least) should not discourage
the further use of automatic adaptation of task difficulty, complexity,
or newness. It merely indicates that care must be used to select
adaptive variables that do not produce intraserial habit interference,
and to tune the. adaptive logic to the dynamics of human learning.
Although a cleatly effective implementaticn of automatically adaptive
flight training has yet to be established, the principleq governing
its optimization are being studied at the University of Illinois
(Wulfeck, Prosin, and Burger, 1973) and the Naval Missile Center, Point
Mugu, California (Ehrhsrdt, Cavallero, and Kennedy, 1975). The basic
idea is good.

See, for example, Birmingham, 1959; Birmingham, Chernikoff, and
Ziegler, 19 2; Chernikoff, 1962; Crooks and Roscoe, 1975; Damos, 1972;
Hudson, 19-6, i!bJ; Kelley, i965, 1966, 1967; Kelley and Prosin, 1968;
Kelley and WergO, 1967; Lowes, Ellis, Norman, and Matheny, 1963;
Matheny and Norman, 196A; Mirabells and Lamb, 1966; Pask and Lewis,
196; Wood, 19.

"8-
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COMPUTER-ASSISTED INSTRUCTION

Automatically adaptive flight training is one fcrm nf computer-
managed instruction; programmed ;ognitive training, which may or may not
be adaptive, is another. However, the term computer-assisted instruc-
tion (CAI) refers to programmed learning in which an automatically
branching logic allows each student to progress at his own rate (Atkinson
and Wilson, 1969; Bitzer and Johnson, 1971; Crowder, i959; Glaser, 1965;
Holding, 1965; Lewis and Pask, 1965; Lumsdaine and Glaser, 1960; Pask,
1960; Skinner, 1958; Trollip and Roscoe 1972). Programmed learning is
not necessarily cognitive in nature; some recent CAI programs teach
psychomotor skills.

CAI is being applied to an established flight curriculum at the
Institute of Aviation of the University of Illinoi7 (Trollip and Roscoe,
19T2). Initially, training in VOR navigation procedures is being done
with the PLATO ,ystem, which eventually will have terminals througiout
the nation and in some foreign countries. PLATO iv the acronym fir Pro-
grammed Logic for Automatic Teaching Operations (Bitzmr and Jahnson, 177i,"
PLATO TV, the operational version of the system, is now in regular use;
it appears to be the only system currently applied to aviation training.

PLATO interacts with each student by presenting information and
reacting t, student responses. The instructor, or authoe, establishe$
the rules for every possible situation. An ingenious and thoroueh
instructor car, consitruct a set of rules with a f1exibility apptroachlng

that posaible for a hLman tutor--and rules are established in advance
rather than spontaneously. In cotrast to a conventional ground school
claslroom (in which an inutructur nwazgai many itLudentM iilmultAiitously
and seldom gives opecial attention to an individual student), IATO
appears to g.va each student u.divided attention bacauiu it normally
respords to each student's i.•put In a fraction of a iocond, Ii thi s
manner, each student receives rapid feedback of result., and now infor-iie-

tion or questions.

The display capabilities of PATO allow instructore to present, or
students to call up, stored graphic materialw (nuch as special charnc:.vir.,
maps, photographic slides, and printed or audio messagis), and to
construct geometric figuram or graphs activated by comaands of either
the instructor or the student. A graphic display, for example, might,

allow a student to specify a route for NOS fligt on a topographic map.
The computer could then, from stored elevation and vegetation contours,
display the changes in masking as the helicopter moves along the route

at a designated clearance altitude.

Adaptive branching, individual-progression logic, and related CAI
techniques have already been applied in computer-managed pilot train ns

systems, notably in Device 2-B-24, the Army's BFTS simulator at Fort

Rucker, Alabama. When fully implemented, the SFTE computer will monitor

and evaluate student performance on selected flight tasLs; It may require

the student to repeat the same tas", adiance, to a new task, or return to

a previously mastered task for refreshment. Upon request, the atudent

may observe a demonstration of the requircd performance by the computer.
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The rapidl~y increasing sophistication and decreasinig cost of computer-
generated graphic display systemseshow promise o~f near-term upplication
to training in real-time NOE taceic.l dJetisioo-rnaking.

Although CAI systems such as PLATO IV are t~apable of certain types
fillof perceptual-motor taskcs simulation, ttwir primary application to NOE
41 flight training, testing, and currency main~.anance appears to be
f V cognitive. These applications might extend to the types of decisi.on-

making skills called for in different tactical situations, some of which
require estimation of conditional probabilities and risks associated
with 41ternative courses of action in the face of uncertain enemy force
deploymont. Three-dimersional navigational and ballistic problem

solutions are typically required in the NOE tactic.

Considerable ingenuity will be required to produce training exaecisag
umeful for developing decivion-making skills and commlunicating knowledge
ruquirod for 1402 operations, but the poteutial clearly exisca. The Army
!rtfantvy School's current programmed map reading course might offer a
starting point for tha application of CAI technology to N40R training.
Enriollment In the vxisting course would refresh map-reading "kilLa atid
CAI otudent procedures for pilots entering MO0N training. With the
applictiunf of a suitable computing and graphic display system, aourwe
.4cenarios and software programs could be developed in NOS map interp.e' '
t~tion for guographic orientation, terrain and cover analyst., route
ho~letion, and ovaetue maneuver anticipation,

The development of any CAI course should not be undertaken without
full appreciation of the tutorial innatkutty, attontion to de-tail,
rli4t~ry tmf subjoat maittr, and a'.vtet oft ntfort required, Often liIdvild-
oalo who have dsvol,,pu1 or claivli #,h*r,)*d dipyr ovntq..a.'tI u *1wh
CAI programs (and who irs Sinesviolly ottuia~ avus. At
application) tend to M11Aetpq 111 J1ierVUns Infl4;k414 to,oreI d .or
sticiese. As a cunsordati%'e compforItfi, the dovelop~#vat, ot in -ffeV061V

CAI progr=u i. surtly Ai moto f(i:uictxbj oxerribe th~an vvittng 4l)Ui(ffI

ding detail.

ADAPTIVE MIAURHKWT 0? RU5IDUAL ATr'EWTION

.409 tass requiremento place unparalled demande crn the piLutlo
attention. Skill in -apid Limne-shartiig of at~.entioit among competing
demands is a Jiurs,radriscic that distinguishos the effectiv, HOC5 crew.
The automatic measurenkin4 of a pilot's residual attention while perfc'r-
miog demandidig routino operations not only discriminates among pilots
of diffeuinA native &'Lility but also serves to asseas the currency of
skilind pilct and their reAdinebo t', cope with the occasional abnormal
workload demands oi crombat or aquipment malfunction (Roscoe and Kraus,

10



Invesetiators 4 studying a variety of aviation problems favor the use
of cockpit side taiks for at least three related purposes: kl) to zreate
elevated cuckpit workload pressures, thereby flushin, out itaherenL
differences among primary task p(trforuanceq a3 a function of some display,
control, or procedural variable; (2) to shift sub_;sk prioritics--for
example, making the subtask being measured secondary rather than primaLy
in the pilot's iriority hierarchy; and (3) to measure the pllot'r
residual attention as ar nfecuntial index of the workload demands of
his higher priority subtasks.

The automatic meavurement of resioual pilot dttention has reliable
variations oi in'jividual differences among pilots, pilot currency, and
the display, control, or procedural variables being etudied. This
supports the idea th=" residual attention zapacity might be a b.als for
selecting sludent pilots, and might be used as a test of currency or
combat real-'ess for experienced piloLs.

To date, tL.e use of side taskv for the measurement of residusl
attentior has been applied only in the experimental study of flight
displays, controls, and procedures, and in the prediction of success in
pilot training. However, these experiments show that the techniaue can
produce a powerful learning effect in the important areas of attention-
sharing and decision-making. Furthermore, because pilot decrease
slightly in flying skill over long periods of inactivity but their pro-
cedural efficiency drops quickly and seriously (particularly in flight
situations requiring attention-sharing and quick-decision repponses),
the automatic measurement of residual attention can provide s quick
ch .ck on an experienced pilot's procedural currency as well as on &
student's initial attainment of proficiency.

The iztoduction of an sttention-demanding side task while a sttdent
F.O 13 at n~re tj fly an NC! r'.;r (ini either a hel.i'opter or a
flight simu~ator, can tead r:j to snnoyaice, frust:rwicn,
hostility, atd panic. Nevertheless, pilots Luarn to sdli.tde thri
attLntiop to cope with multiple task desands, and the substartial
transfer of such learning to opexaLional cituetions involving cockpit
work uvetloadr. can be achieved with complete safety to student and
tnst-ructor. Although independent, attenton-dermrding side tsks ma'
inhibit the learning of primary NOE tlightu tasks initially, the eventual
capacity to handle primaty tasks while coping vit distractions
strengthens the pilot's ability.

See: Damos, 1972; Demos and Roscoe, 1970; Ekstrom, 1962; hamiltou,
1969; artman and McKenzie, 1961; Lazarus, Deese, and Osler, 1952;
Kraus and Roscoe, 1972; Lindsay, Taylor, and Fcrbes, 1968; Pope, i,62;
Siebel, Christ, and Teichner, 1965; Slocum, Willises, and Roscoe, 971,
Smith, 1969; Soliday and Schohan, 1965.
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AUTOMATIC PERFORMANCE MASUREMENT

A great deal has been wrttten about automated measurement of pilot
performance and ita-potential fcr providing a diagnostic record of .the
student pilot's progress in flighet tra .ning (Baum, et al.,. 1973; McGrath
and Harris, 1971; Knoop, 1966, 1967, 1968). Nevertheless, the problems
and methods of measuring pilot performavce, either automatically or
msnually, are not well understood. An initial difficulty is associated
with the misconception that performance measurement is basically an
instrumentation problem, and that no problem would exist if suitable
instrumentation were available in every training aircraft and simulator.
Although some instrumantation is inevitably required, this is a trivial
aspect of the problem. The important aspects of pilot performance
assessment fall into tvo categories: defining the irdices of desired
performance, and sampling the indices of actual performance.

The task of flying a helicopter--or operating any other vehicle--
involves making a serie& of discriminations and manipulations. Discrim-
inations must identify the ineices of desired performance, or subgoals,
uhich must be met to achieve the overall goal of the mission. By
manipulating controls, the pilot tries to match the indices of actual
system performance to the identified indires of desired performance. Roy
closely he does so is the objective measure of the quality of his perfor-
mance.

Thus, measurement of pil-ot performance must deal with indices of
desired and actual performance--the pilot's ability to discriminate the
former and to manipulate the latter. Historically, flight performance
assessment has focused on a pilot's ability to execute specified
maneuvers in which the indices of desired performance are given, but
evetn here the lack of standardization has caused uncertainty. Different
'nscruc.tors vary widely in their own performances of the same maneuvers,
and different :heck pilGts base their scoring on widely differing
indices 'of desired performance. Consequently, the first problem in
assessing NCE flight performance is to define flight tasks that require
the pilot to discriminate indices of desired performance crrectly. The
performance mea3uraaen,: system must know the correct indices of desired
performance.

The establishment of desired performance indices for ME flight must
be done if automati' perDrmance measurement is to have any validity.
Furihervnor., desired performance indices must be defined for procedural
and decisin-making flight activities, as well as for perceptual-motor
activities,.' and all must be based on the specified training objectives.

Cnce delir.J performance indices are identified, automatic measure-
ment requires only that instruments sample the corresponding indices of
actual perfomnce econonmically and meaningfully. A major problem with
typical instrumentation systev3 is that they produce continuous records
of too many dependent variables for either the inarictor or the
student to digest and comprehend quickly in the training environment.
The solution Li to determin~e which iew vari2bles correlate sufficiently
with the composite of all relevant performance =esure#s. Only these
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need be monitored. Conceivably, a single performance variable could
correlate so highly with the composite of many variables that it alone
would be a sufficient-basis for scoring the entire pcrformance (Roscoe,
19i8; Roscoe, IL-sler, and Dougherty, 1966).

Although it is seldom possible to assess the performance of a complex
task by making a single observaticn, it is usually possible to do so by
kisking a few observations at judiciously selected pointa. The keys to
nap-of-the-earth flight performance measurement will be found in tne
construction of a testing program that adequately samples decision-making,
procedural, and perceptual-motor skills common to a range of tactical
missions, explicitly defining the indices of desired performance (in
quantitative terms where possible) and comparing indices of actual to
desired performance at the fewest critical points that will yield
reliable scores. Points critical for performance measurement need not
be critical to the success of the mission, or even to the task being
performed. They are critical only in the sense that performance at
these points correlates highly with overall performance of the task or
mission; no direct cause and effect relationship need be inferred.

When synthetic flight training devices are used, automatic performance
measurement is essential--but noc for the reasons usually given. There
is a widespread misconception that performance measurement has to be
automatic to he objective, reliable, and valid, none of which is true.
Objectivity has to do with whether what is being measured caa be observed
publicly; as opposed to subjective measurement which, by definition, is
private. For two or more people to observe the same performance and
agree on its quality or score, the indices of desired Ferformance must
be explicit. Flight instructors' ratings of student performances are
subjective to the extent that different instructors have their own ideas
about what constitutes correct or desired performance. Recording aids
objectivity by making a student's performance more nearly public. Two
or more observers, reviewing the -records without distraction or personai
hazard, are more likely to arrive at the same correct judgment about
student compliance to the explicit indices of desired performance.
Automating the judgment between actual and desired performance does not
make the judgment objective.

Automatic measurement does not necessarily greatly increase reliabil-
ity over that of two or move qualified observers 'Dannekskiold, 1Y35;
Ericksen, 1952; Gordon, l)49; Koonce, 1W,4; Povenmire, Alvares and Danos,
1,970; Selzer, Hulin, Alvares, Svartzendruber, and Roscoe, 12, Smith,
Flexman, and Houston, 1952), nor is it related to the validity of perfor-
mance measurement. Nevertheless, automatic performance measurement is
essential to any pilot training and testing program that incorporates
adaptive training techniques, computer-assisted instruction, or cross-
adaptive side tasks. In all such training innovations, the task (whether
decision-making, procedural, or pirceptual-motor) is adjusted in response
to the pilot's ismediately preceding performance. In practice, both the
scoring and the adjusting have to be done automatically rather than by
the instructor, to assure contintity of operation, and, if in the air,
safcty of flight. In many situations, the instructor cannot simultane-
ously serve as safety pilot and observe critical dependent variables



at precisely the critical times.

CINEMATIC SIMLLATION

As distinguished from conventional tranLng films and videotaped
instructional materials, cinematic simulation refers specifically to the
open-loop film presentation of dynamic visa-l scenes. Used moet promi-
aently in automobile driver training, cinematic simulation with high-
resolution wide-angle color films may provide the only available cost-
eff~ctiva neans for teaching helicopter pilots the p-rceptual, procedural,
and decLsion-ssking skillis of geographic orientation in NOE flight. A
hLgh-fidelity, closed-loop visual simulacion that would present NOE
flight up and down canyons, among trees and buildings, or over and undar

bridges and power lines is not yet possible.

The principal limitations of cinematic flight simalation methods are
resolution, field of view, and predetermined flight path. The image
resolution that can be attained with modern films and projection systems
is "limited" only in the sense that it is lesa that, the resolving power
of the human eye directly observing the field of interest. Any other
method of simulating the visual field (such as TV/terraLn-model tech-
nique3) produces an image of much poorer resolution. Assuming that the
cinematic simulator reconstructs the geometry of the -isual field so
that: objects in the projected image appear at valid angles from the
observer, the best resolution of the image would be about five minutes
of arc. This is not sufficient resolution for NOE target acquisition
task training but is adequate for geographic orientation and map inter-
pretation training.

Cinematic simulators are limited in field of view only by economics.
A full 360-degree field of view can readily be simulAted, but if maximum
image resolution is to be retained and image distortion is to be

avoided, a multiple projector system is needed. The screen must be a
section of a sphere and only a few observers (theoretically only one)
can be presented a valid simulation at any given time. For practical
classroom presentations of filmed materials, the maximum dLstortion-free

field of view or. a flat screen is approximately 90 degrees.

The main limitation of cinematic simulators is that they present a
predetermined flight path; the observer must go where the photography
aircraft went. Although cinematic sLmulators can provide clsed-loop
control of pitch, roll, yew, and speed, the three translational degrees
of freed,-m are fixed by the film. Cinematic methods do not permit
students literally to navigate. Nevertheless, a large number of training
.objectives can be achieved. Geographic orientation at WE altitudes
involves detecting and identifying various types of navigational check-
points, judging distances, seeking mask, interpreting terrain forms,

relating sighted features to those portrayed on the map, and making

navigational decisions. Training exercises designed to impart such
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skills and knowledge have used open-loop cinematic materials and part-
task training methods and have successfull trained Navy pilots in high-
speed, low-altitude navigation 'Borden, 1968). The application of
cinematic methods.to NOE pilot training is at least equally promising.

INTERACTIVE COMPUTER-CONTROL-DISKLAY DEVICES

Recent engineering developments may make it oossible to produce
trar .ing systems of unprecedented capability and flexibility at much
less cost than contemporary systems. Not only are the unit costa of
integrated micr-electronic circuits falling, but promising new cmpita-
tional techniques (DeLugish, ITO; Volder, 1); Walther, 11-M are
being applied to flight training simulator development. Although the
developments are still proprietary, their potential appiications are
great.

Display technology is also advancing rapidly. Plasma panel displays,
invented and developed during the past decade (Hoehn and Martel, i11;
Johnson, Bitzer and Slottow, 11, are ideally suited to computer-
assisted instruction because they can be driven directly by a digital
computer, and because their inherent memo-y and selective erasure
eliminate the high-speed refreshing requirement that makes CRT sy3tems
expensive. Because plasma panels are translucent, they can also serve
as optical projection screens. Although they are still relatively
expeasive, their inherently simple construction promises eventual low
cost, and they consume little energy.

For certain applications, plasma panels have 3everal disadvantages--
including relatively low brightness and writing speed. Also, they still
offer only monochromatic renditions. However, very recent developments
in liquid crystal display technology appear to have solved tbe first two
problems, and may eventually offer excellent and economical color
rendition. Because liquid crystal displays are reflective, the brighter
the ambient illumination, the brighter the display. Their principle of
operation involves the local modulation of reflectivity; this is done
digitally at television writing speeds. Liquid crystal displays, like

plasma displays, are constructed in flat panels, are inherently simple,
and are potentially inexpensive. They have great promise for application
to simulator visual systems, as well as to aircraft cockpit displays for

which high ambient sunlight has always presented a serious problem. The
most advanced liquid crystal displays are currently proprietary to their
developers.

Both plasma panel and liquid crystal displays lend themselves to
interactive computer-control-display applications when used in conjunc-
tion with transparent touch-panel overlays, light pencila, or manually
controlled cursors. Used in this manner, they provide highly flexible
two-way communication between the computer and the student pilot or

instructor, and the ready implementation (through software) of cockpit
side tasks, performance feedback, and changes in adaptive logic. All
of these may be programmed and/or selected from the cockpit.
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CaOCLUSIONS

Simulated flight- training devices have dewonstrated their utility in

general hellc3pterpilot training, but they are limited in their appli-
cations to NOE flight training by thL present lack of a good simulation
of the extra-cockpit visual field. The most promising areas of appli-
cation are iu teaching the procedutal and decision-making skills

required for NOE operations. Synthetic flight trainers are well suited

to craining 4lots in the detection and diagnosis of, and response to,
contingency aud emirgency events that occur Ahen operating at NOE

altitudes; they should be employed for this purpose at least. They can
also be adapted to tactical decision-making training, provided that a
meaningful situational context can be set up for each problem. The use
of simulated flight trainers to teach the perceptual/motor skills
required in NOE flight will probably have to awcit the development of

high-fidelity methods of simulating the visual field. In the meantime,
part-task training, using cinematic methods combined with air training,

appears to be the mos promising cost-effective method of developing

visual perception skills.

Autonatic adaptive tra-Ling uethods canuot be recosmnded at this

time, but they show promise for teaching some of the psychomotor skills
required in NOE aircraft handling. In particular, precision hover
performance m&y be a candidate for adaptive training procedures.

Computer-abssbs.ed instruction can be applied to many aspects of NOE
training. Almost any part of the curriculum currently being taught by

lectures is a candidate for CAI applications. A central terminal with
peripherals in the operational units could effectively aia advance unit

training by providing better standardization of instruction, plus the

flexibility an-! "move-at-your-own pace" versatility that unit-level
training requires. At the entry level, CAI can provide some of the same

advantages and particularly could teach student pilots the indices of

desired performance; this, in turn, would promote more effective flight
training. The task analysis data produced by the present research (Gainer

and Sullivan, 1Wr6a, i6b) could be used in developing computer

programs of performance indices.

The measurement of residual ateantion could be a useful technique for

assessing NOE pilot performance, and might also be applied to stress
training. Automatic performance measurement might also be applied to

aircrev assessment, but its practical utility will depend on identifying

pivotal measures that correlate .highly with total performance.

The use of interactive computer-display-control devices does not

appear to have immediate applications to NOE training, except as an

extension of CAl techniques. However, this developing technology shows

promise for fiture applications, particularly in the area of WE tactical

dec ision-taking.
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